Starting from the lowest order chiral Lagrangian for the interaction of the baryon decuplet with the octet of pseudoscalar mesons we find an attractive interaction in the ∆K channel with L = 0 and I = 1, while the interaction is repulsive for I = 2. The attractive interaction leads to a pole in the second Riemann sheet of the complex plane and manifests itself in a large strength of the ∆K scattering amplitude close to the ∆K threshold, which is not the case for I = 2. The large differences between the I = 1 and I = 2 channels should be clearly visible in different reactions and we suggest some of them to observe this exotic dynamically generated resonance.
Introduction
The dynamical generation of baryonic resonances within a chiral unitary approach has experienced much progress from early works which generated the Λ(1405) [1, 2] . Further studies unveiled other dynamically generated resonances which can be associated to known resonances and others found new states [3] [4] [5] . Recently, it has been shown that there are actually two octets and a singlet of dynamically generated J P = 1/2 − resonances, which include among others two Λ(1405) states, the Λ(1670), the Σ(1650) and a possible I = 1 state close to the K − p threshold [3, 6, 7] . What we call dynamically generated resonances are states which appear in a natural way when studying the meson baryon interaction using coupled channel Bethe-Salpeter equations (or equivalent unitary schemes) with a kernel (potential) obtained from the lowest order chiral Lagrangian. This subtlety is important since higher order Lagrangians sometimes contain information on genuine resonances, and unitary schemes like the Inverse Amplitude Method (IAM) [8, 9] , make them show up clearly, giving the appearance that they have been generated dynamically, when in fact they were already hidden in the higher order Lagrangian. This is the case of the vector mesons in the pseudoscalar meson-meson interaction, since the L (4) Lagrangian of Gasser and Leutwyler [10] basically reflects the exchange of vector mesons at low meson energies [11] . The introduction of the term genuine resonance, as opposed to dynamically generated, finds its best definition within the context of the large N c counting. In the limit of large N c there are series of resonances which appear [11, 12] which we call genuine resonances. In this limit the loops that characterize the series of the Bethe-Salpeter equation vanish and the dynamically generated resonances fade away [13] . The genuine resonances cannot be generated dynamically and then this establishes a distinction between the different resonances, the nature of which can be distinguished when looking at the evolution of the poles as we gradually make N c → ∞. This exercise in the meson-meson interaction [13, 14] shows that the σ(500), f 0 (980), a 0 (980) scalar resonances are dynamically generated and disappear in the large N c limit, while the ρ, K * remain in this limit. Coming back to the meson baryon case, this distinction holds equally and there are some resonances which are dynamically generated from the meson-baryon interaction, solving the Bethe-Salpeter equations in coupled channels, while there are others (the large majority) which do not qualify as such and stand, hence, as genuine resonances. From the point of view of constituent quarks, the latter ones would basically correspond to 3q states, while the former ones would qualify more like meson baryon quasibound states or meson baryon molecules.
So far, in the light quark section, the dynamically generated baryon resonances have been found only in the interaction of the octet of stable baryons with the octet of pseudoscalar mesons in L = 0, leading to J P = 1/2 − [3, 4, 6, 7] and in the interaction of the decuplet of baryons with the octet of pseudoscalar mesons in L = 0, leading to J P = 3/2 − states [15] . While from the theoretical point of view the appearance of these resonances in these cases is clean and there is consensus within different theoretical groups, the experimental confirmation of the nature of these dynamically generated resonances, as more like a meson baryon molecule than a three constituent quark state, is not so clear cut. The quantum numbers of these mentioned resonances are compatible with a 3q structure and quark models can make predictions about them. Some of these resonances have proved problematic within ordinary quark models, particularly the Λ(1405), but ultimately it is the prediction of many different observables within different models, contrasting them with experiment what will settle these issues. In this sense, there is a lot of experimental support in the meson sector for the σ(500), f 0 (980), a 0 (980) as dynamically generated resonances [16] .
In the baryon sector evidence is also growing for some of resonances as dynamically generated by confronting predictions with experiments. In this sense the support for the Λ(1405) as dynamically generated is spectacular. The Λ(1405) appears as a resonance below the K − p threshold and one can reproduce the data for K − p scattering in a large range of energies above threshold [2, 3, 5] . The same scheme allows to evaluate K − properties in nuclei [17, 18] which prove consistent with data of K − atoms [19, 20] . A long standing problem on the K − p → γΛ(Σ) reaction [21] is solved using in the initial state interaction [22] the same dynamics that generates the Λ(1405). In a related problem the theory predicts different shapes for the [23] which have been corroborated by a recent experiment at Spring8, Osaka [24] .
An interesting thing to note is that in all these different processes the Λ(1405) is never introduced explicitly as a resonance, only the channels coupled to theKN are introduced and they are allowed to interact within a full unitary scheme and the dynamics provided by the dominant Weinberg-Tomozawa Lagrangian.
As we can see, support for the Λ(1405) as a dynamically generated resonance is piling up and this provides indirect support for all the other resonances in the same SU(3) multiplet which are generated simultaneously, one singlet and two octets according to the findings of [6] , among them the Λ(1670), Σ(1620), Ξ(1620), N * (1535) etc, together with a second Λ(1405) resonance. It would be very interesting to exploit the predictive potential of the theory that generates these resonances in reactions involving them in the same way as done for the Λ(1405) and work goes on in this direction. For instance, the πN interaction is studied in [25, 26] where the N * (1535) resonance is generated dynamically and a good agreement with data is obtained. The theory makes also predictions for ηN → ηN which are amenable to experimental observation as well as for the η nucleus interaction [27] which leads to η bound states in nuclei (though with a very large width), the influence of which in reactions like (d, 3 He) has already been studied [28] . The appearance of these dynamically generated resonances with quantum numbers compatible with a structure as a 3q state poses a conceptual problem since one should find then two different states with the same quantum numbers, one made up from 3q and another one from a meson and a baryon. The situation is not like that because the two structures mix unavoidably. One can start with a seed of 3q and dress up this object with a meson baryon cloud. In some particular cases the meson cloud takes over and picks up most of the strength becoming the overwhelming large component of the wave function of this object, which hence would be much better represented as a meson baryon compound state.
The idea stated above has been used to describe the light scalar mesons. Quoting the note on scalar mesons from the Particle Data Group (PDG) [29] (page 508) we find there "In unitarized quark models with coupledand meson meson channels the light scalars can be understood as additional manifestations of bareconfinement states, originally in the 1.3-1.5 GeV region, but very distorted and shifted due to the strong 3 P 0 coupling to s-wave two meson decay channels [30] [31] [32] [33] ".
The concept of dynamically generated resonance has no connection with the method used to analyze the data and extract the resonance parameters. This comment is appropriate given the fact that some of the most accurate methods to extract resonance parameters use also coupled channel equations implementing unitarity in the coupled channels. This is the case of the CMB approach [34, 35] and the K-matrix approach [36] [37] [38] . The latter one implements unitarity in coupled channels neglecting real parts from the loops while the first one introduces some real part via dispersion relations. In these approaches the resonances are input, with bare masses which are renormalized later on in the first approach, or with physical masses in the second. The meson baryon states of the coupled channels interact via the exchange of resonances included in the analysis. Finally, the resonance parameters are obtained from a fit to the data. The approaches are sensible and in fact most recommendable when one has resonances close to threshold, like in the case of the N * (1535) [34] , and the information obtained for the resonances is reliable, the results with the different methods providing some measure of the uncertainties. The important thing to note is that the resonances are explicitly introduced in the approach in order to determine their parameters.
The chiral unitary approach that generates some resonances is not a method of analysis of experimental data. It is purely a theoretical tool to describe from scratch the interaction of mesons with baryons. If one uses as input only the contact Weinberg-Tomozawa interaction between the mesons and baryon as we do, the interaction is fixed and there is only a free parameter, the cut-off in the loop, or a subtraction constant in the dispersion relation integral, which is fitted to a piece of data. After that the theory makes predictions for meson baryon amplitudes and some times a pole appears indicating one has generated a resonance, which was not explicitly put into the scheme. These are the dynamically generated resonances. Most of the resonances listed by the PDG can not be generated in this way indicating they are genuine and not dynamically generated. Trivial examples of genuine resonances would be the decuplet of baryons to which the ∆(1232) belongs.
With the advent of the Θ + pentaquark [39] and the extensive work to try to understand its nature [40, 41] (see refs. [42, 43] for a list of related references), one is immediately driven to test whether such a state could qualify as a dynamically generated resonance from the KN interaction, but with a basically repulsive KN interaction from the dominant Weinberg-Tomozawa Lagrangian this possibility is ruled out.
In view of that, the possibility that it could be a bound state of KπN was soon suggested [44] , but detailed calculations using the same methods and interaction that lead to dynamically generated mesons and baryons [16] indicate that it is difficult to bind that system with natural size parameters [45] .
More recently some new steps have been done in the chiral symmetry approach introducing the interaction of the ∆ and the other members of the baryon decuplet with the pion and the octet partners. In this sense, in [15] the interaction of the decuplet of 3/2 + baryons with the octet of pseudoscalar mesons is shown to lead to many states that have been associated to experimentally well established resonances. Also, in ref. [15] a comment was made that maybe a resonance could be generated with exotic quantum numbers in the 27 representation of SU(3) . The purpose of the present paper is to elaborate upon this idea showing that this is indeed the case and also evaluate the cross section for reactions which will help establish the case experimentally.
In the present work we show that the interaction of the 3/2 + baryon decuplet with the 0 − meson octet leads to a state of positive strangeness, with I = 1 and J P = 3/2 − , hence, an exotic baryon in the sense that it cannot be constructed with only three quarks. This is the first reported case of a dynamically generated baryon with positive strangeness. Its experimental observation would give further support to the nature of the resonances found in [1] [2] [3] [4] [5] [6] [7] 15] , using chiral unitary theory, as dynamically generated resonances and not 3q states. Indeed, while the resonances generated in those references have quantum numbers which can be reproduced by 3q states, the present one is exotic and does not stand for a 3q representation.
Formulation
The lowest order chiral Lagrangian for the interaction of the baryon decuplet with the octet of pseudoscalar mesons is given by [46] 
where T µ abc is the spin decuplet field and D ν the covariant derivative given by
where µ is the Lorentz index, a, b, c are the SU(3) indices and Γ ν is the vector current given by
with
where Φ is the ordinary 3×3 matrix of fields for the pseudoscalar mesons [10] . For the S-wave interaction only the γ 0 term of D ν γ ν gives an appreciable contribution [2] and this simplifies the algebra of the Rarita-Schwinger fields T µ [47] . By writing T µ as T u µ where u µ stands for the Rarita-Schwinger spinor, one can see that by taking only the γ 0 component the spinors u µ combine to give −1 in eq. (1). The interaction Lagrangian for decuplet-meson interaction can then be written in terms of the matrix
as
where Γ 0T is the transpose matrix of Γ 0 , with Γ ν given, up to two meson fields, by
To finalize the formalism let us recall the identification of the SU(3) component of T to the physical states [48] :
Hence, for a meson of incoming (outgoing) momenta k(k ′ ) we obtain the simple form for the transition amplitudes, similar to [2] ,
For strangeness S = 1 and charge Q = 3 there is only one channel ∆ ++ K + which has I = 2. For S = 1 and Q = 2 there are two channels ∆ ++ K 0 and ∆ + K + that we call channels 1 and 2, for which eq. (6) gives C 11 = 0, C 12 = C 21 = − √ 3, C 22 = −2. From these one can extract the transition amplitudes for the I = 2 and I = 1 combinations and we find
These results indicate that the interaction in the I = 2 channel is repulsive while it is attractive in I = 1. There is a link to the SU(3) representation since we have the decomposition 8 ⊗ 10 = 8 ⊕ 10 ⊕ 27 ⊕ 35 and the state with S = 1, I = 1 belongs to the 27 representation while the S = 1, I = 2 belongs to the 35 representation. As noted in [15] the interaction is attractive in the 8, 10 and 27 representations and repulsive in the 35. Indeed the strength of the interaction in those channels is proportional to 6, 3, 1 and -3. The attractive potential in the case of I = 1 and the physical situation are very similar to those of theKN system in I = 0, where the interaction is also attractive and leads to the generation of the Λ(1405) resonance [1] [2] [3] 5] . The use of V of eq. (8) as the kernel of the Bethe Salpeter equation [2] , or the N/D unitary approach of [3] both lead to the scattering amplitude in the coupled channels
although in the cases of eq. (9) we have only one channel for each I state. In eq. (10), V factorizes on shell [2, 3] and G stands for the loop function of the meson and baryon propagators, the expressions for which are given in [2] for a cut off regularization and in [3] for dimensional regularization.
Results and Discussion
First we fix the scale of regularization by determining the cut off, q max , in G l of eq. (6) of [4] in order to reproduce the resonances for other strangeness and isospin channels. They are one resonance in (I, S) = (0, −3), another one in (I, S) = (1/2, −2) and another one in (I, S) = (1, −1) . The last two appear in [15] around 1800 MeV and 1600 MeV and they are identified with the Ξ(1820) and Σ(1670). We obtain the same results as in [15] using a cut off q max = 700 MeV. There are other peaks of the speed plot in [15] , which we also reproduce, but they appear just at the threshold of some channels and stick there even when the cut off is changed. Independently of the meaning of these peaks, they can not be used to fix the scale of regularization.
With this cut off we explore the analytical properties of the amplitude for S = 1, I = 1 in the first and second Riemann sheets. Firstly, we see that there is no pole in the first Riemann sheet. However, if we increase the cut off to 1.5 GeV we find a pole below threshold corresponding to a ∆K bound state. But this cut off does not reproduce the position of the resonances discussed above.
Next we explore the second Riemann sheet for which we take
with the variables on the right hand side of the equation evaluated in the first (physical) Riemann sheet. In the above equation p CM , M and √ s denote the CM momentum, the ∆ mass and the CM energy respectively. This procedure is equivalent to the one used in dimensional regularization in [3, 4] to go to the second Riemann sheet, by setting the scale µ equal to q max and the subtraction constant a to -2 and changingq l to −q l in the analytical formula of G l in [4] . With both methods we find a pole at √ s = 1635 MeV in the second Riemann sheet. This should have some repercussion on the physical amplitude as indeed is the case as we show below. The situation in the scattering matrix is revealed in figs. 1 and 2 which show the real and imaginary part of the ∆K amplitudes for the case of I = 1 and I = 2 respectively. Using the cut off discussed above we can observe the differences between I = 1 and I = 2. For the case of I = 2 the imaginary part follows the ordinary behaviour of the opening of a threshold, growing smoothly from threshold. The real part is also smooth, showing nevertheless the cusp at threshold. For the case of I = 1, instead, the strength of the imaginary part is stuck to threshold as a reminder of the existing pole in the complex plane, growing very fast with energy close to threshold. The real part has also a pronounced cusp at threshold, which is also tied to the same singularity.
We have also done a more realistic calculation taking into account the width of the ∆ in the intermediate states. For this we use the cut off method of regularization with G given in [4] 
where q CM andq CM denote the momentum of the pion (or nucleon) in the rest frame of the ∆ corresponding to invariant masses q 2 and M ∆ respectively. In the above equation Γ 0 is taken as 120 MeV. The results are also shown in figures 1 and 2 and we see that the peaks around threshold become smoother and some strength is moved to higher energies. Even then, the strength of the real and imaginary parts in the I = 1 are much larger than for I = 2. The modulus squared of the amplitudes shows some peak behavior around 1800 MeV in the case of I = 1, while it is small and has no structure in the case of I = 2. The next question concerns how this dynamics can be evidenced experimentally. The most obvious experiment should be K + p scattering. This is already I = 1 and the resonance could be clearly visible. The state we are generating has spin and parity 3/2 − , since the kaon has negative parity and we are working in s-wave in ∆K. These quantum numbers can only be reached with L = 2 in the K + p system. Thus, the resonance should be seen in K + p scattering in d-waves. We estimate that this resonance should have a small effect in K + p scattering in L = 2 based on the experimental fact that the cross section for K + p → ∆K is of the order of 1 mb [49] , while we find here that the ∆K(I = 1) cross section is of the order of 80 mb. The small overlap between K + p and ∆K will drastically reduce the effects of the S = 1, I = 1 ∆K resonance in K + p scattering, which should explain why this resonance has never been claimed in L = 2 [50] . We have developed a dynamical model for the K + p → ∆K overlap and find, indeed, the conclusions drawn before. In view of this we search for other reactions where the existence of the resonance can be evidenced. We propose the study of the following reactions: 1) pp → Λ∆
In the first case the ∆ + K + state produced has necessarily I = 1. In the second case the ∆ ++ K + state has I = 2. In the third case the ∆ ++ K 0 state has mostly an I = 1 component. A partial wave analysis of these reactions pinning down the ∆K s wave contribution would clarify the underlying dynamics of these systems but is technically involved. Much simpler and still rather valuable is the information provided by the invariant mass distribution of ∆K, and the comparison of the I = 1 and I = 2 cases. Indeed, the mass distribution is given by dσ dm I(∆K) = C|t ∆K→∆K | 2 p CM (13) where p CM is the K momentum in the ∆K rest frame. The mass distribution removing the p CM factor in eq. (13) should show the broad peak of |t ∆K→∆K | 2 seen in fig. 1 . Similarly, the ratio of mass distributions in the cases 3) to 2) or 1) to 2), discussed before, should show this behaviour. Similarly, with the help of theoretical calculations of these reactions at the tree level, the experiment should show evidence for ∼ factor 3 bigger strength of |t ∆K | 2 in I = 1 compared to I = 2. In addition to this test of the mass distribution, one could measure polarization observables which could indicate the parity or spin of the system formed, analogously to what is proposed to determine these quantities in [51, 52] or [53] respectively. Given the success of the chiral unitary approach providing dynamically generated resonances in the interaction of the octet of 1/2 + baryons with the octet of pseudoscalar mesons, as well as in the scalar sector of the meson meson interaction [16] , the predictions made here stand on firm ground. The experimental confirmation of the results found here would give evidence for another exotic baryonic state with positive strangeness which stands for a simple description as a resonant ∆K state.
